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ABSTRACT .

U. S. Naval Research Laiboratory Reports 120' and 1214 presented the
results of initial tests with an interim ARTEMIS source consisting of a
one wave length square array. This report describes additional tests
with an enlarged array in which fifteen of the twenty tranaducer modules
of the full array were installed. WhiLe the enlarged array results in
improved operating characteristics with respect to acoustic loading and
velocity distribution, it was found that the permissible operating power
level it still severely restricted by abnormally higth transducer displace-
sents which can cause mechp.nical destruction of the transducer e.Numents.

Evidence is presented whir.h supports the theory that anomialow• behftvior
is caused by acoustic interaction effects.

PROBLEM AUTHORIZATION

ONR NR 487 002 (Special)
NRL Problem Number 5SSO-11

PROBLEM STATUS

"rhiN ts an interim report on one phase of the project. Work is
continuing.
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INTRODUCTION

The high power acoustic source for Project ARTEMIS is planned to
consist of 1440 variable reluctar.ce transducer elements cLose-pa'.ked
in a rectangular plane array having the approximate dimensions of four
wave lengths vertically by two and one-half wave lengths hort1ontally at
the resonant frequency, Each element is I1-I/8 inches square on the
radiating face and 11-3/4 inches deep. They are assembled in modules S
s&x elements wide by twelve elements high. The final array configura-
tion wi!l consist of four rows of five modules each.

Initial tests were conducted on a one wave length square array composed
of two modules mounted side by side on the array structure which was
installed on the USNS MISSION CAPISIRANO (T-AG 162). U. S. Naval
Research Laboratory Memorandum Reports 120S and 1214 present the
resulta of these tests indicating that displacement amplitude and phase
of individual elements varied widely with element position and operating
frequency. The principal deleterious effect Lf the nonuniform displace-
nient amplitude is that for a given power lovel some of the elements have
larger displacement ampltudes than would be required if the displace.
niunt distribution were constant. This requires that the power input to I)
the array be limited to a level consistent with safe operation for those
elements having the highest amplitudes

rhis report describes the results of tests conduc.ted during September
and October 1961 %ith a larger array configuration. When they became
available, ffteen modules were installed on the at-pay structure in three
rows of live modules each, forming an array approximately three wave
lengithm high by two and one -half wave Ie.nithti wide. Four oil..filled
cumponent tanks and a Junction box were installed in the base of the array
structure. The double armored cable% which provide power and inutru-
mnnttatitn connections from the shp to the tr.tnsducer were terminated
in the junction box. Connections are made within the junction box to
distribute the power and instrumertation conductors to the four compon-
rnt tanks. The junction box oilso housets remotely opetrAted contactor"
.hich cin connect or dlhLonnect powt;r to each tank, Each component

t.nk serves one row of transducer modules ard houses the necessary
eiuctrical components to appropriately trarsform and distribute the iiig.
n-sl driving current and the polarizing current to each module in the row
whir.h irtlgrves. IV also contains sensors which measure theoe currents p
and transmit the iniormation for remote indication. Polarizing power
is transmitted from the ship to the component tanks as three phase, Olxty

0
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cycle alternating current. A twelve phase silicon diode rectifier with
appropriate transformer rectifies the alternating current to provide ten
ampkerv poIlarising current to eaLh of the tranbducer elements. Each i
componer.t tank contair.s a tranbiformer having five secondary windings.
These transformers distribute the signal driving current through appro-
priate tuning and blocking capacitors to each of the live modules in the
row. served by that tank. The transformer primaries are connected in
parallel in the junction box. Since three rows of modulen were installed
for t'is test, .only three of the four component tanks were used.

A..Loustic radiation from the rear of the transducer is suppressed by a
system ot compliant resonant reflectors irstitlled on tie back face of
each transducer module. Each reflector ts a flattened stainless steel
tube six feet long and approximately six mihes wide. The tubes are
filled with nitrogen and pressure compensated by a pressure regulatink
system. There are twelve tubes on each module, one behind each row

of element.. The tubes are separated from the elements by a distance
of approximately one -half inch.

Thirty-five accelerometers were available for measuring displacement
amplitude and phase of both the trarsducer elements and the resonant
reflectors. These accelerometers were tested and their calibration
shown to be independent of the ambient static pressure and the acoustic •
field. Twelve current sensors were used to sample the signal driving
current in rows of elements. The signal current connections to each
module were such that the six elements in each row were connected in
meries and the twelve rows connected in par~llel. Thus, the twelve cur-
rer.t sensors wore adequate to nionitor the currents in each row of any
one module. The accelerometer and current senisor outputs were trans-
mitted to the ship through a watertight Junction box containing a remotely
con.trolled. fifty position stepping switch and a preamplifier, Thus. the
se'rvor outputs were sampled mequertially. One c.annel was used to
transmit a calib'at;on voltage through the preamplifier. The remr-ninj
tn 0.annels transmitted the outputs of two accelerometers which were
installed internally in a special trar.sducer element. A view of the fif.
teen module installation on the USNS MISSION CAPISTRANO is shown in
fiiure I.

PURPOSE

ThL purposes of this test were to obtain information concerning the
acoustic and motional characteristics of the enlarged transducer array, I

• . ?o I
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to investigate the nature and causes of the anomalous displacement
behavior obeerved in prevtou4 tests with a 144 element array, and to
dete.-min itf the enlarged array e-ihibited improved acoustic loading
characteristics, Instrumentation was provided specifically to!

1. Obtain impedance characteristics of the enlarged array,

2. Measure the free field current reoponse of the enlarged array
and obtain an approximate representation of the directivity characteris-
tics in the vicinity of the acoustic axis,

3. Obtain a reasonable statistical sample of the displacement ampli-
tude and phase of the radiating faces of the transducer elements,

4. By means of a specially instrumented transducer element, deter-
mine the motional characteristics of the element reaction mass as a
function of frequency and element position, and

S. Determine the relative impedance of rowe of elements within a
module for one or more module positior.s, and to examine the relative
impedance of each module with respect to the other modules in the array.

EXPERIMENTAL PROCEDURE

Experiments were conducted in the Cape Charles area of the Chesapeake
Bay in a water depth of eighty feet, at 2?* 28' north latitude and 75" 19'
west longitude in a water depth of 2S40 fathoms, and at various areas
wt•.O., Exuma Sound. The p3rpos pc of *he shallow water tests in the
Cheoapeake Bay was to check the operation of the acoustic mourt:e and
instrurnentatior.. All data prepented in this report, with tthe exception
of tK.. tir impedance data, were obstined in deep water operations.
Figure ' illustrates the dead reckoning trackm for operations in Exurra
Sound. All operations were conducted while lyir.g-to. Drifting towards
the western limit of the Sour.d required repositioning on two uccasiorns,

The trani'dscer vltments u~ed in the ARTEMIS array consist of two
unequal maspes coupled by a spring with a magnetic driving force acting
beteven tie mass*e . The larger mass is -n the form of a rigid box
%Vhich completely encloses the smaller reaction mass. The reaction
mesi is supported inside the box by a system of springs. Acoustic
projection is accomplished al both the front and back outside surfaces

3 CONFIDENTIAL
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ut the outer nasb. However, the resonant reflectors previously
described suppress radiation to the rear of the elements. Tv measure
displacement amplitude and phatse of an .- lement, an accelerometer hav-
ing a threaded stud was screwed into a t ;'oed hole in the centr of the
front radiating face. Thui. the displsce!:ents measured wear those of
the outer or radiating mass,. One special element was constructed with
itternal accelerometers such that the acceleration of both the inner and
outer masses could be measured. Displatement of the rear surface of
the resonant reflector tubes was niec.ured at a number of locations by
attAching accelerometers to special bosse., which hAd been cemented to
the tubes. The close spacmrlg ot the tubes to the elements prevented S
nmeasuremen.ts or. the front side of the tubes. The rnsults of the mees.are.
ments or. the reflector tubes therefore represert the total motion of the
rear face and does not necessarily provide a measure of the compres.
%ion of the tube. In a sim-lar manner, displacements were measured at
a few locations on the componenit tarks and jun:tion box. All accolero-
meters were calibrated in terms of displacement for sir-usuidal motion
over the frequency range of interest.

The operating procedure cor-s ted of attaching the accelerometers in one
set of positions, irstalling tranch current sensors in one selected
module, replacing one pre-seLected element with tl.e especially instr.-
merted elemert -ird th.en louering the array to opeating depth. The
dersor outputs waere then measured as the array was driven for a number S 0
oit freot ncies over the ralige from 3SO to 450 cycles pir second. In one
eoperolrment the frequercy rantje was e',nterded to I.0 and 600 cy-.les per
secorý. The accelerometer itnd current se'-sor amplitude data were
automatically recorded in Cidital form. All other datm Including die.
placement phase atd current phase; input power. curernt, and voltage;
hvdrophovie outputs; and frequency were manually recorded. At the
completior. of an expertMent, the array % raised ind the sensors
repo*itioned.

Acoust.c irterstty was measured by a hvdrophone susperded 34 feet in
front of tle array or. a collapsible boom. As týis range ts too short to
rtptesent a far Cield measurement. teqe data weoe used only to indicate
cos-.sstent pertorrnar.ce rom ru to tin and were ý.ot acr.eptwd as a
Qour.tt ati',e measure of A(ouotmC porformance. In one experiment, a
,r:g.ted t,yslrophone was s.,sper.ded from a small boat at a range of
.tpproximateok s-xty yards. The ranie was measured acoustically for
eaca intensity measurement. T.e hydrophone was moved in asimuth an&d

4 CONFIDENTIAL S
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depth until a maximum response indicated a position on the acoustic axis.
At this position acoustic intensiity and ringe were measured and the bear-
ing of the small boat wag noted by means of a transit on the deck of the
source ship. The small hoat was then repositioned to a new bearing and
measurements repeated. In this manner an approximate directivity pat.
tern as well as an accurate measure of Acoustic intensity on the acoustic
axis were obtained. All acoustic measurements were made using short
putees in order to avoid surace reflected p.ath interference. These
acoustic data were obtained with the center of the array ,-ubmerged to a
depth of 150 feet whereas all other data were taken with the array at a
center depth of 400 feet.

A dc polariuing current of approximately ten amperes per element was
used in a& experiments. All the data in these experiments were obtained
*,th an ac input to the transducer of 1' amperes with the exception of
impedance measurements made in air and one run in which the voltage
input to the amplifier wat held constant. The constant curreot and con-
stint voltage data art treated separately.

RESULTS

A. Impedance Measurements 5 0
The impedance of the submerged array was computed from the measured
values of input current v., ltag. and power. Meters of the portable stand-
ards type were used to measure these quantities. Figure 3 illustrates
the impedance characteristtcs of the fifteen module array over the fre-
quency range of 250 to 600 cycles per second. The impedance values
shown are those measuzed at the input to the underwater cable supplw.r .g
driving signal to the paralleled primaries of three identical transformers
located in the underwater comporent tanks. Each transformer has five
secondary windings each of whi,.h is connected to a transducar module
through tuning and block-ng cipacitors. Thus, each of the lifteer, trans-
ducer modules is *nersiaed from a Peporatr secordary winding. The
turns ratio between the primary uardinig and eat'h of the secondary wind.
:ngs is 4. 1.S tu 1. Eaq:l. module is tuned with a I .. 2niicrofirad series
capacitor. It can be seen from figure 3 that the maximum resitive conm-
poner.t oi impedance is 42. ? ohms. Considering the transformer turns
ratio, this represents i. single module resistance of 36 ohms. Previous

S CC'IFIDENrIAL
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ttets with e two mnodule arr-v ir,.dcated a maxiLmum resistive component
of approximately twitce this ie for each module. The decreased mod-
ule ?esistance ir. thu enlrged arravy is indicative of better acoustic
loadin;.

Figure 4 is a vector impedance locus plot for the f~fteen module array,
Revonance appears at approximately 42Z cycles per second.,J

Prior to the underwater tests, the impedqrce ot the five modules in the
top row was measured ir. air. Time did i.ot permit these measurements
to be niade or. the entire arrtv. The '.ecor 'mpedarice locus diagram
obta med trom measuremetb in Air is .ý,own ir. figure S. The bigilnal cur*
ren" was held constant at 0. 3 ampetes at all tfequeuc~es except those
between 401. q and 470. 2 cycles par secord where at was reduced to 0. 2
amperes. The small power aniphf-er uted for these ,ests was not capa-
ble of buppyl.tg 0. 3 amperes at s&11 freqt,.€cies, Resonance appears at
appro'timatelv 46S cycles per secord. The maximum .,lue of the rests- O
tite component of impedance agreet closely with the value obtained from
previous measurements on a two -nodtle array wher. the shut.ting effect
of. the transformer primary reactance i* considered. The coupling trans-
formers have a primary reactanc;e of app',oximately 40,000 ohms, being
desjr,red for use •.t. a transducer having& water load, The higher i.m-
pedar-e of the trorsducer when operating in air tequires that the shunting I
effect of the primary reactance bo taken into consideration.

B. Acoustic Measurements

A limnted amount -f acoustir. tespor.st data was obtained. This was
accompl-shed by suspording a hydre'phone from a tmall boat in the region
of the acoustic axis of the source. •he outp'at of the hydrophone was
ohnbir-red on a calibrated battery ep:nited osciliescope. The source was
p,oarammed for SO millisecord pulss at twelve second intervals. Free
t'eid meas'jremerts were obtained by .iot-f the &mplitude of the received
si•-ai after the sqgsa, level hId ,eached a steady *L.;,Ie and belore the
tir,,t surfA•ce ref-ectiop,. The emll toot %is tett.ercd by lines to the bow
irnd stern of the source th.p &.A held at a range ot apý roximatell sixty v
vakrd,. A 1ire c€y.nect.*- •%.* made betwee., the sm.ai bt.vi.t arid the source
%hap to enible ar, 4.oust,. rar?.ge mr.,aurernent.

The hvdrophone wau moved varticAllv aid in aetmuth unitil a maximum
signal retponfe was obtained. This point was assumed to to the acoustic
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ax.is of the source. ThE btaring of the mintall boat rcljtive to the source
ship was then rnvic--ured ird Lr t%.i.oustit. rait.ge obtamer.c Rrspot),e
measurements were made ,it five frequenc ies ini this position. The relt-ilts
are plotted it, figure 6. For the five frequoncies At which measurements
were made. the miaximum respor~se occurred at 420 cycles per second.
Time atid sea conditions prevented mort~ extensive mqas.*emerits.

After measuring the reoponse at the position yielding the maxtimum saignal,
the 'small boat was moved it, 411MUth to pOMitOns1 Six, eleven, and fifteen
degrees aft of the original location. Me-isurenients at these positione
yielded the dlirectivity pattern illusiritted in figure 7. This pattern in
probably not precise since the starting point.m~.ght not have been exactly
on the acoustic axis and there is no assupiince' that the hydrophone
traveled through the samie arc as the supporting boat.

C. D~isplacement Amplitude

Tieo drawing in figure 8 represents the pi~.iitions of the elements and
modules in the fifteen module array. Thou modules are numbered from
slix through twenmy as shown. To identify any element position, a three
part number is isted. The first number identifies the module in which
.1 position is located, The second number represents the row within that
module with rows being numbered from onet through twelve starting at
the top. The third number represents column with the columns in each 0
module being numbered from one through six starting at the left. Thus.
element poslioin number 7.1 .1 io located in the tipper leithand corner of
module seven. The positions marked with an 'XII are those in which an
external. accelerometer had been atu~chted to the element. They are the
..mnly positions iii which eleenwrt diaplacemeuit dAta was obtaifted in this
experiment. The positions in which the accelerationii of the squashed
tube reflectors were measured are s-milariy mar~rrd in hscire 9. 'rhe
aecelerorrieterse werst attached to the icentc r of the bat i face oft the tubes
directly behind tite element position marktd w-.tl An IX".

Figtares 10 through 18 ilu-staate ti.L m tnnrr ir %%hicr the element div
placement varied in two rows, and one columr.. Row "11811 is Ecomponed of
the sixth rowv of weletitert ir mnodules 11, l.J ard 1 4. it lkies .aong ti~e
horisoint il center line of the left half of the irtay. Column "IS" which is
compused of the third c~olumn of module eight and par t of the third columnn
of1 module 13I ies* along the vertical ct nter line of the top half of tht array.
Row "Il" in the uppermcst row of elements in modules six, seven and
ei1zht. The Positions in the- orrav uA these rows and columns cast be scett

7 CONF IDF.NIIA L
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* sufust operhtinN reguion fur thw .arrfty in tit present cundition. Four
%duimple Plotsw of mquii shed 10t. tab*rlplacvq itnett ii-4 a function of fveqtwnc y
-Are ishown iii ftiurve 4.ý throtuili ZK, Typ~c-illy, thvise show muny diti.
pl.1celient pe.Aks and nulk.

Th.., phaila. of lthe elements in row?% atnd columrrn. is illustrated in figureis
619 IthroughlM '. he uist elautitiet a ~re thi! namte as thome for which the
diehplac~enenth wt're dvpictud in ligueP 10 thro'agh 18. In a numbe~r of
ptootticinm no value of phase iingk± in shown, in mowt rames, data was
naut dobtaineld for theis., positions bi-cAust- thee iu,nil level from thv accee ar -

ums.tvro w.~s very lovw dut- to mrn-ill di pl-icuerant amplitude, and phase'
jitter Laused by noine tvativ rvuiding% uncertain. AN in the caoie of dim-
Pl~aee t-ment amnpli tuila * no spoacial pattern of pha%*se anblle could bW1
ante.ertaaine d A iso, flu s~rti r VM ure lition beitwe u n phase, angle anid dils
pl~acetnert -impli tede' L.oeld lie found. Ily ieveiaging thee phase angle~s of
all sampled culements at eatch frequencv, the curvu- shown in figure 38
waii obtained., theme' phamIS angles w.!re mneasured with rospdect to the
amplifier input '.ultag.'. At the bottom of figkire 38. the avvrage dlevia-
tion from thae mean phisme angle im shown Note that the deeviation
reaches a naaxiniumi at 450 cycles per second which is the resonant
freqtioency of the elanients in the unloaded condition. A sharp dip in thee
nivin phase angle o'loo occurs at thtt freqluuncy. This writld indicate
that samiz of lthe elentestite are unloaded and therufore arL expertancine
large displacenfirnt amplitudes and Impedances which are thanging
reipidly with fruqueiicy at the freq-.e!-y of unloaded resonance. Figures,
110 and 40 exteniplai the manner in which the- dimpl-icrment phases of
india'.'du~il t-ettiuento- vary with freque'r~cy. 'rypiaL.lly, theme curve. differ
LLun~idL'rahly it freqiAenicae' highe'r OairC the luacied rasonant frequency.

E. kEquive lvnt L~u~ihr~g

Previous te'%I% with ai two modlife* oirraty, oni which Wte pressure releasle
tuben I ad b~e.en'c re triti.'eel, re' ', m.~ itquivalent Ia adihrg of 0. 1 rho c
l:q'siva i'rnt lo.-heng w..- dett rmine~d iv. tseet lullowing nw.,.ne r. A rout -
tmle an -ý'quairt vflue of ditspkwite. emtclet ieniplitude' w~S5 Lumtputud for all
M4a711pled elements at each operating frequency. These values were
roniptrud %%ith thes values of displacement required of an equivalent
uniformi velocity traninducer produc-ing the msama akcoustic source levels.
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F h~L..Mt of the tmo-rnodulv array, ar. c asotior loading of 0. 1 rho c
would havei prouti~ed appioxmiatelv the iiiinit source levels as the actual{ airrv.Iv Tht 4amrit piocedure wo- followcd tc f;.d tihe oequiv~idelt loading
of .lo !%. m ftdut. %?tri.tv Thu toe uit %!v Oiu'A- r) figure 41. It. this

r-Lo- k;ý,liesvet t~..a I,~fj lroý 1v-XdnG 91 ot C.Onat Art (of all
tltitnoits. ~w~r n-'L.ie. t~.rpo~ltl 0,4 tho ci.

eqUiPtl w1A~t1* 11cauntic P?e~w',1rq rtlr4evc toties ;%'.d t!teielte -woo loaded
i. I:MI. tir Iturt a dýd b-10 (4-i tHN F liii e ;te he lejaditig effects

m, tl-.p two) 41Faovok L-atr.ut bL, d; ro..ýtlv :anipirtd. Hov'C.6, o.it it ill con-
sideted V-At the o' ftec~t of the double loading oit ti~e smmller arraY
-As to Itimt ii 041% radialin.g afe.a, ind thet two 4reiysh 4er Lompared on
tV4- Imii 01 this amioumptio?', the!. mie larger arrAy appears, to be move
luilv lu.,ded bvý tram ithe star dpoirt of clectrx,;i'l impedance and
nit cb~irio.Al distplacement.

The tiopvc..ulty i-Ntrut'twtotd griki iadacer element, Kotving internially
moutttrj occeit-rotinetirb aOs boWtt. mis,neii and outet Masoes, was to-

pr~t~,rd to tý.rve lovettiiuga I' thi .ar ii y 1- additi' u to the two inter-
lI ý% u.io-rorriwters, a third aLccocleromeite~r %%to attuhs~d externallop in

tiet t -pped holet provided in the certer of tVe radiating face. Since the
"It .%?.iti of ouiter to irtrer mape 1 1. S to 1.0. Ar-d lhe water loading

-'rlied iv i to outer matsh, it wculd he expected thiM the intier~ mft5
,Autid .t jv cu.r~sidt ribly Liur Rt rditoplice'netrat amplitude than the outer
ritm--. Altic,, if the trtiriodurat eletiiwev expooi'e'rCcrd pure rectilarear
rrirtiu, , the MvO 4rFrIL1virom.tet1 altthcOd IV tMe outer maiss -11ould

-t -I~vc-il disp'.A~rme-.* in both AiMphtk~di %i-.d phatot. Tie volao
ii-t' d.',Pl iemu v, pi kst of tioe -v.i~ .,-d rnu'te i.ti~tiob got the, un~loaded
4. d ttv, imhcuý,d It. apprc mtrl, OWhf do gretitu. Watri fooadi' p would

t..ý.upo II&. tsul~it..e pt..ait itud twie t fur-ti uhm_% i.u Unity rho CA l04d-
A pA-.ruld tteull it pi -.ome . v 1 *2 ) ppruotim4tO~V I IS ditS4olAle Vary.
L: I ti', 41iMI-lv v.%AL Ito qj4a n~y n'e'v the'. tre'juei.Lv r ifig. of inillelt.

ini ! It *..i reerre.d Io -in -. : -a ". "okter" &,.d e.%ttI'.A .oW TI t fit 14t
1,4o) dt-itig- stiot rii hit, t.ht i-terr. ONl mouriled c rqidaronitter % an
mt, i.ýe r i~od otter maim, rtspvr.t!-ely, tu-d ihe lost desigr.ittion refer%
tu, tht exita rntii moA,,tf d urit. Otte internal %cc~eIrumeter is mounited
.i t~eorrgem ol the ouute mietit and the oth#,r bs mounted or. art edge of
thet: ih~.6 r mipio.
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Figure" 42. 43 and 44 illustrate the displacements of the special trans-
ducer element reaured at.pouitiunn 6-1-1, 13-.o3 and 8-11-1 reepec.
tively. It can be seen that the displacement ratio of the outer and inner
masees is far from constant andthe outer mass, in some frequency
regions, has the LasGer amplitude. Thb' might be explained, at least
in part, by the interaction effects with the other elements o' the array.
At sonie frequencies, th.. spec a;% trantidtcer could be driven bv the
acoustic field and woild be absorbing energy. The displacermnts mess-
ured by the two accelerometers on the outer mass differ widely indicat-
ing a departure from rectilsinvar mtitov since these two 4ccelerometert
do not measure dipplacenient at the sime part of the radiating area.
Figures 4S 46 and 47 show the corresponding phase angle for the
special element accelerometerws in thee three array positions, The phase
argleu of tht' inner and external displacementb are shown relative to
the oulnr dmwplacement. The phane of theexternall" .neasured displace-
ment ts generally within 90 degreew of the inturnaittly meacured displacement.
The phase of the inner mass takes on all poihuble vilues. The cause of
this anomaly &s not clearly understood.

G. Alternating Current Measurements

The cu'rent sensors, which measure the alternating current in the
series connected rows of elements within a module, were used to
measure the current into each row of module number six in one expert-
mert and into each row of module number 13 in another experiment.
The current is plotted am a function of row number with frequency as a
paramteter in figures 48 and 49. There are well-formed patterns
which prolress smoothly as frequency is incisAsed. Since an iden9c.im
driving voltage ti applied to all ruws withar a module, the current vayr.
atuons must be the result of umpeduince differences among the rows.
The close manufacturing tuleratects on the individual elements would
not permit variations of this magnitude among the individual elements
due to their inherent cha•acter%%tics. it is most probable, therefore,
thi.t the iniped.-v.e differenrPm ire c.used by acouctic intertatton
eifecbt, amorg the vlenivnlt. %hich Lau.,-t tnon-uniform loading of the

iesnievnts dependngi unr thuer pni.ktuona in the array and the wave length
of the sound waves in water, Additional indications of this nature are
evidenced by the module current data. Current sensors located in the
underwater component tanks mqasured the alternating curr~nt into
each of the fifteen modules. The results of these measurements for

I i CONFIDENTIAL
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one cperimen~t Ar plotted in figure 50, In this illustration, each curve
is a plot of the module current mn a row Of five mucl.ules. Curves for
the three rows are gr',uptd ' :cil.Frtqui~ievL progreftses from left
to right mi three2 tine%. rto mo-4t frtquirnc-esV witaiif the pasto band, the
rcutrent to a miaximum in the cc!-.tar miodule, and dtcreises rrors or less
syinmetricaltv towmard taad %idt o~f the atrry. Ir itererfti, thle Lurrtrit
di~ttibtiaicn ir. thu top t'd bhtttem row- '.( :nodu4c.. ditfvtr c1utnidcrably.
Th.Ai nitcht be tau~tied by altic W! rmechT-r-cni symrnrntr% w. thf. Arriay
structure in tiw "atrtical cl~rec.ior,. TI'. ait-()cd compotner.t tanks and
jiancticn boxes are lotated at thk 1b.%u of tMv %tru~lurv bthir;d the bottomi
row of modules, .ird the 'itrogrr INtotle% ';ro mo'unted rear tl-.e top of the
o~jwicturejuist abiove and to tOx rear of the tap row *zifrmcdiales.

H Waveforms

Fiue 1 through Si4 eemplify thu %ai.'eftorM% it. various
circutit, during this set of experimerils. Figure% St through.51 show for
three Irequent.tes tI~e waveforma expesrienced with pulsed operatic-% for
thee total trittidu.ter cir rent, bc~cplercimsetr output*, and monitor hydro-
phone %oitave. rti;artý 44 illuitstratt the waiveform of the input signal to
thet amplifier. The left t sd ef each illustrationl 0lows the waveform when *
the input nignal is paparad through a 3',O to 0 i~cl per atcond band-pass
filter, The right side shows the waveform '%han r.c' filter is usod. Pulsed
operatiom. &s illustrated here, was used only '.r. the experimen't in which
acoustic response was obtair.od, in all other expeatunerits a steady state
Siinal wait used. The photogiraph of component tank acceleration wave-
formn was obtained horn the output of an accolaroinetor attached to a
vertical surface of the pressure cc'mpen..atio~A tantnl atop one of the corn-
pontint tanks, Durirg the course ol thesie exupeuime'.to %*-,oral accelero-
me.ters were attacjhed at .dtirouh pcaittens o'r the c-imporient tanko and
junt-tion hoxvit. These mets.Lurent-'itt otd~c~ted cnlv %,ery smoll. amplitude
Of Vibration w,.'h the exceptio- -if oLi puoitw.. illitjtr t:.d. At Rome fro-
quePriuies, this poott.oti experierir~.d , itir.tiou tmp',.tude!- &- hig;h as the
trtt~itsdutS'r amiplitude.

All of the preceding dita, with the exception of air -.mpeda' ce.. was
ubtaineid with a corawt..nt cur rort .rtput to the amptitibi of 15 amperiai.
One additional run was made ,r order to oboa.r byhto'in teoponso data.
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In this run the voltage input to the driving amplifier was held constant.
The input voltage %as adjumted to 4 v.alu• much that the current did not
exceed IS amperes at any frcqueny ir the band from 350 to 400 cycles
per second. Figure S5 illustratev the amplitude and phase of the current
into the transducer. The phase is referenced to sqgnal volta&e input to
the amplifter. If a linear respornse with respect to .r.put current ia
assumed, the voltage response ef the system can be computed making
use of the measured cirrent r4,ponse whic-. is plotted irt figure 6. The
resulting system voltage response is shown in figure 96. The phase ,•f .1
the acoustic pressure at the fate of the traý.sducer can be measured in
either of two ways. On. method utlizaes the measured phase of the
accelerometer .2utputs. Since the pressure is in phase with displacement
and displacement is 180 degrees out of phase with the acceleration, the
acceleronmeter output voltage is 180 degrees out of phise with the pres.
sure at the face of the transducer. The preamplifior used with the
accelerometers reversed the Fitgnal phase such that displaceme'tt or
pressure phase was measured directly. The pressure phase, am obtained
by this method, relative to the input signal voltage, is plotted in ftiure $7.
ro obtain this curve, the pha-se of 2) accelerometers was averaged.
These accelerometers were located pri-cipally on elements in the upper
left hand section f the array am shown in figure S8. A measure of the
pressure phase can also be obti tried from the output of the moritorlng .
hydrophone. This hydrophone was located on the acoustic axis 34-1/)
feet in front of the center of the face of the array. Phase measurements
obtained with this hydrophone. whcn referred to the face of the atray,
yield results which are kimilar to those obtained from the accelerometer
outputs with the exception that they are displaced by approximately 100
degrees leading. Since the hydrophor. ringe ti 1~iiiufficient for far-field
measutements, the data obtAinpd by t-t'* method Lvo r.ot considered es
r,.liable as thoce obtaired with t.e 4creloromrt, i-. Or, the other hoard,
no phse dita can Ue very nit z,.irg'ul cono.ider'ri the widaly varying
phare di-stribution over thr fP:e,, of thr at ray.

CONCLUSIONS

'rest, wath, the IS module ARTEMIS ,ource hApve indicated probable
improved 4custioc lotaong as comnporred %%th initial teots wIth a two
modulo array. The improved lo4ding ts e'idenced by both a reductior itr
the electrical impdance and by a higher ratio of radiatd power to trans-
ducer displacement. However, a (undamental difference in the mode of
operation restricts a direct comparison of the two arrays.
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The current resporse at 420 cycles per secon.d was measured at 103. 1
dtecibels velatgje to one dyne /cmZ lampere sit one yard, and thero is
ev~derncs that the d~rectivitv patote-. iks aimilgir tc tt-lt WhiCri would be
pred.c-tod for a?' ideaheped airt y.

'rho velocity distribution uvtz the face of the itrray, wh' Le Loee erratir
ihar. ir. the two module aurav, drast:mally ietai.r.ts the acrmissible power
le~vel. The cdesigird maximium diilpl-ce mr-t lkmIAt ci* 0 the travaioucer
elemer~to .rnd th.e 014nw1t ir ther ni-ci. 1-- H.': g nu%-imum d:splacoemnt
of it- ormall, high element vtloe't' .K rc tated to' iree~ucrxtv, the allow-
;tble pc'wer level is. greater oit unmi !re'quov c.eh tMo. 4t uOIhtis. A arriall
frequency ratige in the v.ic~r-.tV of 4PS ( .1. i pvr N.erotd tik tht mostJ
1&vcorablm fromn the starndpoirt of miv .mum pe~rm-s~ible power output.

Thes varilation. in acouet1ic load*.!.&, ait mir~ife"Ied by &;ctir-itiors of
relative electro-cal impedanco aniorid rown of clemnent, -.nd itemr module
to module, Puppotts the theory thoi thr. veltivitv .%ramalies Are claused
by acoustic irteractio- r!tectsi, Operatico at sighý power leveli s toCora-
tingent on discovery of it PrlhLLAl M6i~ 1-11Of m:-imizi-og t.e effects of
ai.ousti(. interactions -%mot~g elements of tia -irt %y. * *
The curternt vaii-&-.dn ietweett the ir.sctric-itly p-Aallsl cennected rows
of elements and pat. Wit-a cor~nectlad modules Provide further evidenct
tý it electrical paraillak cor~rection of .dI elemerto -%i op'posed to tue
present series-parAllel co"rcctiun, waill le~d le reduced veloc-.ty anomalies.
This, as well as other memas of reduc~rqj Cis . torketior, Watit, wilt be

14 CONFIDENTIAL



S

CONFIDENTIAL

LISI OF ILLUSTRATIONS

Tittle Ftgure Number

Photogv.rph of arrty witl IS modulum I

Dead.reckonir.g trvckw for opetatiora' it EvurnA 50oWd

Trarnducer impedanct character lil 1C% 3I

VectOr kmrpedirnce locus dMAgrant tor ,ubtrit"itod t•Ansdur.er 4

Vector impedance locus diagram for tiansducar it. Air
ore row of modules

Cutter.t re.vponsr - Ii modul., rrtAy 6

Hortrontal directivity patterr. - 1 module irray 7

Element And module po-Attionw in the IS module array.
The '.rossep indicate those .ekmo.its to wh.ch accelerometers
had beer. att-Ched. S

Frront viow of %rray with croosses i ndlcati r.g ioext;onie vi
which accelerometers hAd been• att.ached to squashed tube b 0
ro flectors 9
Ampt.tudo of trtansducer element d'.•tacerne.nt

400 cps t0
409 cps I I
410 cps 12
41S c•s 13
42C upi 14
44S cps. Is
410 cp. 16
C! S cpb
440 cps iS

Freq UL c/ d-t r ibutor. tv t 1, - a. r tit moit d t pi ,c. -let It -

I ra•rsductt tijmv -.t d;oplatcm. .,t
Ii. -1 20
136-9- 21
6.9.1 22
11-6-1 23

CONFIDENTIAL

I



C.ONF~.DE\*T:AL

Freque-cv distribu&tion of squasnhed tube dtspl-ctmG!-t 24
Squashed tu~be divplacernent amnplituide

t3.6.326
17

T"~'nsducer tiement d;spiacemtrt phAto 1eit'htve to
-hrnpifitlr irput %oltale

400 cps
40S cps 30
410 cp-%3
415 cps 3
4.10 cps 33
4.11 ':pa 34
4.1 P c 9s
4 1% cps 3
440 cps 37

A-.er-tcr chatatterist-up Of trftMsduuer *ezliernt
d~prlmrner.r ph%%e38. *
Fro.m3it. ?ry chvrartsf i.t:':s of tran~sducer *tenmstt

Frelwercw rv e'Si~ of trvaducet alame-t
d-A pI .A cme? 40

Tr~ir.*dj'.ftr toadtft ch-ivacter sties 41
Eltvne.,t d 6pI4conwlrt tb&zcterif~tkc-b for eupttd3I..ly

*'r .mcr.t d Comer-t ir. po bittor

* 42
ti '~ 3 41-
R hi 44

Pfi~ #0, ~r4icter.tc Ic, tiesfTIPIeC141i~a i'.MtIUrn#.rtt~d

b -I -1 4S
1 J-6-3 46
B.11-3 47

Phaske to plotted relathys to phase of intermAl %.rt~or
or outer mass.

CONIPIDZNTIAL



CONFIDENTIAL

Title r utre Number

Current distributior. far rcws of elemer.t" in
module number:

45
13 49

Current distribution it. the IA module* of the
transducer array 90 5

Typical wai-eorims f•,r 30 millisecond pulpass with
and without a 1•00 cpt bandpass filter in the Sig6al input 51, 52, 53

Waveform af pulsed usgnal iniput to amplifter with
and without a 100 cps bIndpaso filter 54

Transducer current amplitude and phase for operation S
with con start voltage inp-..t to amplifier SS

Relative response for constan volta o input to
amplifier, nortnalized to value of voltale pruducin8
or.e ampere into transducer at 400 cps 96
Pressure phase at face of array relative to amplifier O
input %.-Itage for constant voltage input 5?

Location of accelerometers for constart voltage 58
experitment

17 CONFIDENTIAL

p



CON ~CI ~ EN t N Al.



CONFIDENTIAL ql!

I I 'a:, I .

_ ,

UOF=NII

I I. .... 1 • - _ •- • i,#o i

£ N

.1• •0 O I 1



CO;NFIDENTIAL

D

50 -- '

DATE .- CT. 2 1961
ARRAY DEPTH; 400 PT,
IAC: 1 AMPS

40-

30 i *

II

* 0:

a - RESIST'NCE
* - IMPI!ANCE

- REACTANCE

30O0 0 400 5l00 0

FREQUENCY (CPS)
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Figure 8 E lemen~t and Module Positions In the 19 Module Array.
The Crosaes Inu cate thorse Elements to which Accelerometers had
been Attached.
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UNITED STATES GOVERNMENT

Memorandum
7100-016

DATE: 22 January 2004

REPLY TO
ATTN OF: Burton G. Hurdle (Code 7103)

SUBJECT: REVIEW OF REF (A) FOR DECLASSIFICATION

TO: Code 1221.1

REF: (a) "Project ARTEMIS High Power Acoustic Source", A.T. McClinton, R.H.
Ferris, W.A. Herrington, Sound Div., NRL Memo Report 1205, 3 Aug 1961 (U)
(b) "Project ARTEMIS High Power Acoustic Source Second Interim Report on
Acoustic Performance", A.T. McClinton and R.H. Ferris, Sound Division, NRL
Memo Report 1214, 19 September 1961 (U)
(c) "Project ARTEMIS High Power Acoustic Source Third Interim Report on
Acoustic Performance", A.T. McClinton, R.H. Ferris, Sound Division, NRL
Memo Report 1273, 23 April 1962 (U)
(d) "Project ARETMIS High Power Acoustic Source Effect of Transducer
Element Electrical Connection on Interaction in a Consolidated Array", A.T.
McClinton, Sound Division, NRL Memo Report 1323, 4 June 1962 (U)
(e) "Test of Project ARTEMIS Source", R.H. Ferris, Sound Division, NRL
Memo Report 1648, 15 September 1965 (U)
(f) "Power Limitations and Fidelity of Acoustic Sources", R.H. Ferris and F.L.
Hunsicker, Sound Division, NRL Memo Report 1730, November 1966 (U)
(g) "Project ARTEMIS Acoustic Source Acoustic Test Procedure", R.H. Ferris
and C.R. Rollins, Sound Division, NRL Memo Report 1769, 5 June 1967 (U)
(h) "Calibration of the ARTEIS Source and Receiving Array on the Mission
Capistrano", M. Flato, Acoustics Div., NRL Memo Report 2712, Dec 1973 (U)
(i) "Theoretical Interaction Computations for Transducer Arrays, Including the
Effects of Several Different Types of Electrical Terminal Connections",
R.V. Baier, Sound Division, NRL Report 6314, 7 October 1965 (U)

(j) "Project ARTEMIS Acoustic Source Summary Report", NRL Report 6535,
September 1967 (U)

1. References (a) thru (j) are a series of reports on Project ARTEMIS Reports by the Sound
Division that have previously been declassified.

2. The technology and equipment of reference (a) have long been superseded. The current
value of these papers is historical



3. Based on the above, it is recommended that reference (a) be available with no restrictions.

BURTON G. HURDLE
NRL Code 7103

CONCUR:

E.R. Franchi Date
Superintendent, Acoustics Division

CONCUR:

Tina Smallwood Date -
NRL Code 1221.1


